Veast ribosomal DNA was inserted into Escherichia coli on a bacteriophage vector and the host cell RNA was then extracted and analyzed for the presence of yeast ribosomal RNA sequences. RNA complementary to yeast rDNA was detected by hybridization. The transcription of yeast rDNA was found to be .independent of phage RNA synthesis and to occur on the same DNA strand as rRNA transcription in yeast. However, hybridization to restriction, fragments of yeast rDNA suggested that the RNA species detected in E. coli differ somewhat from authentic yeast rRNA.
INTRODUCTION
Accurate expression of a eukaryotic gene cloned in bacteria depends upon the recognition of appropriate signals in the cloned DNA. The expression of eukaryotic DNA inserted into E. coli via plasmid or bacteriophage vectors has been monitored at the level of transcription (1-4), translation (3, 5) and genetic complementation (6, 7) . While the expression of UNA of many types has been demonstrated by these criteria, very little information has been obtained about the specificity and fidelity of the RNA synthesis events. Translation and genetic complementation do not necessarily require a high degree of specificity at the level of RNA synthesis. Hybridization assays showing transcription of the cloned DNA also do not address the question of specificity except where asymmetric transcription has been demonstrated (2, 3) . Even in these cases, the RNA was found to be synthesized from the strand opposite to the one normally transcribed (2), or comparison with the i£ vivo transcripts was not possible (3).
The DNA coding for the ribosomal RNAs of the yeast Saccharomyces cerevisiae provides a well-defined system for examining the specificity and fidelity of transcription in E. coli of a segment of eukaryotic DNA with known transcription products. In yeast the rDNA is transcribed to yield a 35S precursor molecule which is processed in several steps resulting in in the 25S, 18S, and 5.8S rRNAs (8, 9) . In addition, the map positions and transcriptianal orientations of the mature RNA species have been determined (10) (11) (12) (13) (14) , and the locations of many restriction enzyme sites have been mapped in yeast rDNA (10) (11) (12) 15, 16) .
Construction and selection of recombinant bacteriophage lambda ( X) carrying all or part of a single repeat unit of yeast rDNA (17) made possible an examination of the specificity and fidelity of transcription of yeast rDNA in bacteria. Here we report that yeast rDNA carried into E. coli on a phage vector is indeed transcribed with some specificity.
We have used hybridization to restriction fragments and to separated strands of cloned yeast rDNA to study the RNA that is synthesized.
MATERIALS AND METHODS
(a) Bacteria, Phage and DNA Growth of phage and labeling experiments were carried out in E_. coli C600. X-yeast rDNA recombinant phages Xgt40-Sc202 and Xgt21-Sc302', 304', 310, and 320' have all been reported previously (17) and are described in DNA was prepared by phenol extraction of phage that had been purified by banding in CsCl equilibrium gradients. Following extraction, the DNA was dialyzed into 0.1 M NaCl, 10 mM Tris-HCl, pH 7.5, 1 mM EDTA. (24) and to the temperature sensitive cI857 gene of Xgt40 recombinants constructed from Xgt-XB (25) . To allow labeling times longer than that of the X lytic cycle, the S7 amber mutation in the X lysis function was introduced into Xgt21-Sc310 and Xgt21-Sc320' and the labeling was carried out in a host that does not suppress this mutation.
To prepare labeled RNA, cells were grown in low-phosphate medium, infected with the appropriate recombinant phage and added to medium containing 32po After extraction of the RNA, yeast-specific RNA was detected by hybridization to restriction fragments of DNA from X-yeast rDNA recombinant phage. Figure 2 . Detection of yeast-specific transcripts in E. coli. DNA from Agt 21-Sc320' was cut with HindjIII restriction enzyme and subjected to electrophoresis in an 0.7% agarose gel. The resulting DNA bands (three from X and two from the yeast rDNA) were denatured and transferred to nitrocellulose filters (23) . Hybridization of PC>4-labeled RNA from cells infected with a) Xgt21-Sc310 or b) Xgt21-Sc320' or from c) yeast is shown. To determine the direction of transcription, DNA from Xgt40-Sc202 was cleaved with SstI and heat denatured immediately prior to loading on a 0.7% agarose gel. The yeast SstI A fragment migrated as two separated DNA strands which could be transferred to nitrocellulose filters without further treatment. The filters were then hybridized with -^PO^-labeled RNA from cells infected with d) Xgt21-Sc320' or e) Xgt40-Sc202 or from f) yeast. Apparently the X SstI fragments do not transfer well without denaturing in the gel as in a and b and, therefore, do not appear as strong bands in the autoradiograph. the opposite strand followed by specific degradation cannot be ruled out.
Also, Because the asymmetry of the yeast-specific RNA synthesis is independent of the orientation of the yeast DNA, it is probably not due to "readthrough" of X transcription. Finally, the hybridization to the Hindlll B fragment must represent little or no 5S RNA which is synthesized from the opposite strand of DNA.
To further characterize the yeast transcripts made in E. coli, labeled RNA from cells infected with each of the recombinant phage used in the above experiments was hybridized to nitrocellulose filter transfers from agarose gels of the three largest EcoRI restriction fragments of yeast rDNA (See Fig. 1 ). EcoRI A includes most of the coding region for the 25S rRNA, the EcoRI C fragment contains most of the 18S region, and the EcoRI B fragment includes the 5S region as well as "spacer" DNA, which contains both untranscribed sequences and part of the 35S precursor sequences that are removed by processing (10) (11) (12) 16) . In all cases the results, shown in 
(a) (b) (c) (d) (e) (f)
Yeast-A The results are shown in Figure 4 . While little X transcription was detected (compare Fig. 2a,b and Fig. 4d,e) , hybridization to the yeast rDNA The fact that yeast rDNA can be transcribed in the correct direction in E. coli indicates that the E. coli RNA polymerase can recognize a specific sequence or sequences, although these sequences are not necessarily identical to those recognized by the yeast RNA polymerase I which synthesizes the 35S rRNA precursor (26, 27) . Since the 5' terminal sequence of the yeast primary rRNA transcript has not been determined, it will be difficult at this time to determine if the recognition is correct. We conclude that while yeast rDNA inserted into E_. coli is transcribed with some specificity, i.e., in the correct direction and possibly starting at or near the normal initiation site, the fidelity of transcription, processing or both is decreased. Further analysis of the yeast-specific RNAs produced in E. coli should determine at what step of RNA synthesis fidelity is lost and, consequently, which steps are carried out correctly.
Examination of the nucleic acid structure of any yeast sites found to be correctly recognized in E_. coli should reveal regulatory features conserved between the two organisms.
